METHOD
The maintenance needs for energy of growing chickens is best measured by some *This paper is No. 24 in the Herman Frasch Foundation series. Contribution from the Departments of Dairy and Poultry Husbandry, Missouri Agricultural Experiment Station, Journal Series No. 333. calorimetric method. This method may be a direct one, consisting of measuring the heat taken up by water circulating about the chamber in which the animal is confined; or an indirect one, by measuring the carbon dioxide produced and oxygen consumed by the animal. The indirect method is altogether reliable since heat production is solely a matter of oxidation of carbon compounds involving the consumption of oxygen and production of carbon dioxide.
Ordinarily it is not even necessary to measure the carbon dioxide production. The measurement of oxygen consumption is all that is necessary to enable one to compute the heat production, since the heat value of oxygen is known within the limits of experimental biological errors of measuring heat production in animals. (The heat value of carbon dioxide, on the other hand, varies with the nature of the nutrients oxidized.)
There are a number of excellent methods available for measuring the heat production of chickens. Mitchell, Card, and Haines (1927) , for example, have used the Hal-POULTRY SCIENCE dane (1892) gravimetric method for this purpose. This is a theoretically sound and practically simple method. But it occurred to us at the time that a volumetric method might be still simpler. Volumetric methods are widely used in measuring the metabolism of humans (e.g., the Benedict-Collins clinical apparatus) and more recently Benedict and Macleod (1929) have introduced them for measuring the heat production of rats.
The method that we have attempted is shown in Figure 1 .
The bird is placed in chamber C. A spirometer, S, is connected to the chamber.
A bell, Bl, floating in water serves as the volume measurer. It is filled with oxygen at the beginning, and as the oxygen is used up, the bell, Bl, sinks in its water seal. The bell is carefully counterpoised; and as the bell sinks, the counterpoise rises, and the pen, P, makes a graphic record, R, on the kymograph, K, actuated by a good clock, CI.
Knowing the cubic centimeters corresponding to one millimeter of height of bell, it is easy to calculate from the rate of decline of the bell the rate of oxygen consumption by the bird, and therefrom the rate of heat production.
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Chamber Afofor O'me euvATion FIG. 1. Respiration chamber system employed for measuring heat production in chickens. The chicken is placed in the water-jacketed chamber, C. The air is circulated by blower, B, through the lime where the CO is absorbed. The rate of oxygen consumption is recorded graphically by the pen, P, on kymograph, K, actuated by clock, CL.
The graphic method not only gives the rate of oxygen consumption but also indicates whether or not, and when, the bird is quiet, and the computations can be made at any convenient time and only from such part of the graphic record which indicates that the bird is quiet.
SaCi
The air is circulated by a blower, B, through soda lime. The C0 2 is, of course, absorbed in the soda lime. By appropriate arrangement it is possible to weigh the C0 2 thus absorbed in the lime, although we have not done this. We have confined our measurements to oxygen consumption, as the heat value of oxygen is well known.
This method has the advantage that it is very sensitive, enabling one to measure the heat production during any five-minute period when the record shows the animal to be absolutely quiet. It has the further advantage that the rate of metabolism is recorded graphically, and this graph constitutes a valuable record for the future. On the other hand, its very sensitiveness is a disadvantage. A very slight change in temperature of the system during the period of measurement, and but a very small leak in the system invalidates the results. Yet the chances for leakage, with a fairly highspeed blower in the circuit, are always present. Likewise, changes of temperature are also likely to occur, especially during cold weather. For these reasons, we are not at all desirous of recommending the use of this apparatus to other laboratories; indeed, we find it necessary to say that we are not altogether certain of the authenticity of all of our data in this admittedly preliminary progress report. We plan to carefully check this method by comparing it with other methods and by alcohol tests.
RESULTS
This method being so very simple, it was possible, in the course of a year, to accumulate an enormous amount of data. But we shall present only a few charts at the present time. 
Capcns-Gm58ooiD00 2000 30004000 cockera-ls-GmsJOft 400 GOO eooiooo Cal/Ko/pau Age Fie. 4. Age changes in heat production of pullets, cockerels, and capons. Represented on the basis of calories per kilo per day and calories per square meter per day. Note the decline in heat production from 230 calories per kilo per day at fifteen days down to 60-80 calories at four months and 50-70 calories per kilo at ten months. On the per square meter basis, the metabolism first rises from about 700 to about 1100 calories per square meter at thirty-five days then declines to about 800 calories more or less, depending somewhat on sex.
Before discussing charts, it is necessary to mention the surface area problem. It is customary to present heat production in terms of calories per square meter per day. The energy metabolism of different species of warm-blooded animals is said to be of the order of 1000 calories per square meter per day. But it is a very difficult matter to measure the area of chickens with any degree of accuracy. The work of Mitchell and associates on this problem is well known. Figure 2 shows the surface area formu- POULTRY SCIENCE lae that that we have computed on the basis of data by Mitchell and associates and as used in our work. Figure 3 shows the heat production of White Rock chickens from six to fourteen months of age.
All the measurements were made in the morning before feeding, about twelve hours after the preceding evening feeding. All the birds were accustomed to the measurements, as they were frequently measured since hatching. One curve in each quadrant represents the average heat production (or the average weight) of three of the best-laying pullets in the flock; one similarly represents the two largest and quietest capons; and one represents the most vigorous male in the flock.
Each data point on the curve represents the daily average for the corresponding month.
The upper left curves represent the age changes in body weight. The lower left curves represent the age change in total heat production per bird per day. The up-per right curves represent production of heat per square meter per day; the lower right curves represent the heat production per kilo per day.
'The several curves show that under the given conditions, the heat production of the male bird used is of the order of 200 calories per day, and that there is some tendency for the heat production to decline with increasing age to 160 or 170 calories per day.
The heat production of the capons used of is rather less. It varies from 180 to 140 wer calories per day. ;ion
The heat production of the pullets measured is even less than the capons, namely, the about 130 calories per day. the These values are in substantial agreement alo-with those obtained by Mitchell, Card, and :nd-Haines (loc. cit.) by the Haldane gravivith metric method. per The per-kilo heat production is seen to decline rapidly with age. The heat producised tion of the male declines from nearly 86 calories per kilo per day to about 54 calories; of the capons from nearly 66 down to 38 calories. The age curve of heat production of the pullets is rather curious; it declines from 62 to 50 calories between six and eight months, then it rises, ending up at about 58 calories at fourteen months. Has this rise anything to do with increasing egg production? This curve represents our best-laying chickens. The problem of the relation between heat production and egg production evidently needs careful investigation. The difference in age changes in energy metabolism in males, females, and capons on the per-meter basis are roughly the same as on the per-kilo basis. The male has the highest metabolism, varying from 1100 to 750 calories per meter; the capon varies from 900 to 600 calories; while the pullet is somewhat irregular, but having an average heat production of about 750 calories per square meter per day. Figure 3 represented the data from six to fourteen months. Figure 4 includes the data from hatching on, but on a smaller scale.
The heat production is seen to rise from about 200 calories per kilo per day or 700 calories per square meter per day, up to about 230 calories per kilo or 1100 calories per square meter, then it rapidly declines to about 50 calories per kilo per day or 800 calories per square meter per day.
The preceding charts represent averaged values. Figure 5 shows individual measurements for a cockerel, pullet, and capon. Figure 6 shows the course of heat production with age of the best and medium layers, two capons, and the largest cockerel. There does not appear to be any difference in heat production of the good and medium layers. The heat production of the cockerel (and capon) is, of course, greater than that FIG. 8 . The influence of the percentage of dry skimmilk in the ration on the course of growth and heat production of chickens. The upper set of curves represent the course of growth in weight; the lower curves, the course of increase in heat production. The birds on the 30 percent milk ration did best.
142. POULTRY SCIENCE FIG. 9 . The same data as in Figure 8 , but represented in terms of calories per kilo, and calories per square meter. The S percent group is seen to begin at the top and end at the bottom.
of the pullets since the male bird is larger than the pullet. Figure 7 is another attempt to find whether or not there is a difference in heat production of good and poor layers. The birds were fasted for seventy-two hours, and the measurements were plotted against time after feeding. The light circles represent good layers; the dark circles represent poor layers. During the first two days, the good layers seemed to have a higher heat production, but during the last day, the poor layers had a higher metabolism. But the data are really altogether too limited for drawing conclusions at this time.
Figures 8 and 9 illustrate the influence of percentage of protein in the ration on Downloaded from https://academic.oup.com/ps/article-abstract/11/3/133/1520614 by guest on 04 March 2019 growth and heat production. As before, heat production was measured in the morning, about twelve hours after the preceding feeding.
Five levels of protein were used: 12.6, 13.9, 16.4, 18.9, and 21.S percent. These differences in protein level were made by adding to a basal ration 5, 10, 20, 30, and 40 percent dry skimmilk.
The upper series of curves in Figure 8 show that the 30 percent milk group made the best growth, followed. respectively by the 20, 10, 40, and 5 percent groups. That is to say, the 18.9 percent protein, group did best, followed by the 16.4, 13.9, 21.5, and 12.6 percent groups. The total heat production per day follow the same order. Figure 9 represents the heat production of the same groups on the per-kilo, or the per-unit area basis. Here the 5 percent milk group begins highest and ends lowest; the 10 percent group follows a course somewhat parallel to the S percent group; the 20 percent group keeps on a persistently high level; while the 40 percent group keeps on a persistently low level. This is rather unexpected.
SUMMARY AND CONCLUSIONS
This is a preliminary progress report presenting age curves of heat production of chickens as obtained by a graphic oxygenconsumption method. The results, concerned with the influence of age, sex, egg production, and protein level in the ration on growth and heat production, are summarized in a series of graphs.
There seems to be no marked difference between the heat production of good-and poor-laying pullets.
The heat production of cockerels on the unit-area or unit-weight basis seems to be, at certain times, about 25 percent higher than that of pullets. During April, May, and June (last month of available data), however, the curves approached each other, crossed, and ended with a higher heat production (in June) for the pullets than for the cockerels. This rise may represent the energy expense of ovulation.
The capons have a decidedly lower heat production per unit area, or weight, than the cockerels, and pullets (following January). Several explanations may be offered. The capons are fatter, and fat being inactive tissue, has a low metabolism. The capons are quieter and are not under obvious tension as the cockerels, which is another explanation of their lower metabolism. Of course, it is also possible that the sex hormones may also exert a stimulating influence on heat production; but this is doubtful.
The heat production in terms of calories per kilo per day is at a maximum at two weeks with 230 calories per kilo per day, declining therefrom to about 50 to 60 calories at eight months. The heat production per square meter is at a maximum at about thirty-five days of age, with a heat production of 1100 calories per meter per day and declining therefrom to about 800 to 900 calories per meter at four months.
Increasing the percentage of milk in the ration beyond 30 percent tends to lower heat production. The best growth is made on a 19 percent protein plane, containing 30 percent dry skimmilk.
